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Abstract
Based on adsorption isotherm experiment on two coal samples under different temperatures using the HCA 
adsorption parameters determinator, the effect of temperature on adsorption capability of coal/CH4 was analyzed. The
prediction of adsorption capability of coal/CH4 of 20℃ , 40℃ , 50℃ , 60℃ were done using the adsorption 
characteristic curves of 30℃ by adsorption potential theory, and compared with the experimental date. The results 
show that, in the research temperature and pressure range, the adsorption amount and saturated adsorption amount a
decrease as the adsorption temperature increases, relation between saturated adsorption amount a and temperature can 
be described by an exponential function, the variation of adsorption constant b is non-monotonic. It is concluded that
there is no relationship between the adsorption characteristic curve and temperature of coal/CH4 adsorption system. 
The relative error in saturated adsorption amount a prediction is 1.23%~3.80%, the relative error in adsorption 
constant b prediction is 1.09%~5.26%, and the prediction effect is better.
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1. Introduction
Coal is a porous medium, and gas adsorption is a natural property of coal, its essence is physical 
adsorption [1]. The research of gas adsorption capability of coal has an important theory meaning and 
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engineering value. The research results [2] show that the relation between gas adsorption amount and 
equilibrium pressure under an isothermal environment can be described by Langmuir equation. Until now,
domestic and foreign scholars [3-8] have done extensive researches about the effect of coal rank, 
temperature and pressure, gas composition, and moisture, et al on gas adsorption capability of coal.
During mining, the coal reservoir temperature is variational, and ascends with increasing mining depth, so 
the study on the effect and prediction of temperature on adsorption capability of coal plays an important 
role in ensuring deep mine safe mining and exploring and predicting the gas resource. In this paper, based 
on two coal samples of representative, the adsorption isotherm experiments under different temperatures
are done, and the effect and prediction of temperature on adsorption capability of coal/CH4 are analyzed.
2. Coal Samples and Experimental Method
Taking the 3# coal of Lu′an Changcui mine (Changcui coal) and 7# coal of Huaibei Qinan mine (Qinan 
coal) as research and experiment object, the basic parameters of two coal samples are shown in Table 
1.Baed on high-pressure capacity method, the experimental gas is CH4 (purity＞99.999%), the adsorption 
isotherm experiments of 20℃, 30℃, 40℃, 50℃ and 60℃ are done using HCA adsorption parameters 
determinator, and the experimental results are shown in Fig.5.
Table 1. The basic parameters of coal samples
Coal samples Moisture (%) Ash (%) Volatility (%) True density (cm3/g) Apparent density (cm3/g) Porosity (%)
Changcui coal 1.06 16.31 8.62 1.385 1.314 5.13
Qinan coal 0.86 11.60 33.16 1.521 1.452 4.54
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Fig. 1. The adsorption isotherm under different temperature (a) Changcui coal; (b) Qinan coal
3. Effect of Temperature on Adsorption Capability
Form Fig.1, temperature has a negative effect on adsorption capability, adsorption capability decreases
as the adsorption temperature increases. The adsorption capability of coal/CH4 can be described by 
Langmuir parameters (a, b), the Langmuir equation is
Q=abP/(1+bP)                                                                                                                                    (1)
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Where Q is adsorption amount of equilibrium pressure, P is the equilibrium pressure, a is the saturated 
adsorption amount, b is adsorption constant.
In order to analyze the effect of temperature on Langmuir parameters (a, b), based on adsorption 
isotherms under different temperature, the Langmuir parameters are obtained by least square method. The 
change curves of saturated adsorption amount a and adsorption constant b with temperature are shown in 
Fig.2. In the 20℃-60℃ range, saturated adsorption amount a of two coal samples decrease with the 
increase of temperature, relation between saturated adsorption amount a and temperature can be described 
by an exponential function, the fitting expression of Changcui coal and Qinan coal can be written as Eq. 
(2), Eq. (3) respectively.
a=42.461exp(-0.0099t), r2=0.9895                                                                                                     (2)
a=31.307exp(-0.023t), r2=0.9895                                                                                                   (3)
The variation of adsorption constant b is complicated and non-monotonic, it is difficult to analyze the 
variation law by a small quantity of experimental date.
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Fig. 2. The change curves of Langmuir parameters with temperature (a) Saturated adsorption amount; (b) Adsorption constant
4. Prediction on Adsorption Capability
The adsorption capability of coal under different temperature provides the important basis to research 
gas content. If the adsorption capability can be precisely predicted by theory, it will be of great benefit to
reduce the experiment workload. Domestic and foreign scholars start this research work early, the 
adsorption potential theory was used to predict the adsorption capability of coal [9-10]. Hu T et al [11] 
proposed a method for prediction of adsorption isotherm based on isosteric heat from Clausius Clapeyron 
equation. In this paper, based on adsorption potential theory, the adsorption characteristic curves of 30℃
of two coal samples are acquired, and the adsorption capability of 20℃, 40℃, 50℃, 60℃ are predicted, 
and compared with the experimental date.
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4.1. Acquisition of Adsorption characteristic
According to the adsorption potential theory [12], in order to acquire the adsorption characteristic 
curve of coal/CH4, two parameters (ε ,ω ) must be known. The adsorption potential ε can be defined as 
Eq. (4), the adsorption space ω can be defined as Eq. (5).
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Where P is equilibrium pressure, P0 is CH4 saturated vapor pressure, T is adsorption temperature, R is 
conventional gas constant.
ρ
ω
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Where Q is adsorption amount of equilibrium pressure, M is CH4 molecular weight, ρ is density of the 
adsorbed CH4.
The density of the adsorbed CH4 ρ can be represented as Eq. (6) by emprical formula [13].
)](0025.0exp[ bb TT −−= ρρ (6)
Where bρ is CH4 density under boiling point, Tb is CH4 boiling point.
How to define the CH4 saturated vapor pressure P0 is the key problem. Under the experiment 
temperature (20℃-60℃), CH4 can’t be liquefied, this state is defined as the supercritical condition. In the 
supercritical condition, gas has not saturated vapor pressure P0, it is a hypothesis value for mathematic
equation. In this paper, the emprical formula [14] is adopted, it can be written as Eq. (7).
k
c Tc
T
PP )(0 = (7)
Where P0 is CH4 critical pressure, Tc is CH4 critical temperature, k=2.7.
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Fig. 3. The adsorption characteristic curves of coal/CH4 adsorption systems (a) Changcui coal; (b) Qinan coal
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Based on adsorption isotherm experiment date of two coal samples under different temperatures, 
combined with Eq. (4-7), and R=8.3144 J/(mol·K), M=16J/mol, bρ =0.424g/cm
3, Tb=111.5K, Pc=4.62 
MPa, Tc=190.6K, the adsorption characteristic curves of coal/CH4 adsorption systems of two coal samples 
are established (Fig.3). Form Fig.3, the adsorption potential ε and adsorption space ω are concentrated 
on the same curve, it is concluded that there is no relationship between the adsorption characteristic curve 
and temperature of coal/CH4 adsorption system. If one isotherm is obtained, the adsorption of coal under 
any temperature and pressure can be calculated using characteristic curve.
4.2. Prediction results and analysis
According to the adsorption isotherm experimental date of 30℃ of two coal samples, the adsorption 
characteristic curves are obtained. the fitting expression of Changcui coal and Qinan coal can be written
as Eq. (8), Eq. (9) respectively.
ε =-27211ω 3+4083ω 2-307.36ω +13.39，r2=0.9998 (8)
ε =-180883ω 3+16587ω 2-672.91ω +15.84，r2=0.9994 (9)
Combined with Eq. (8) and Eq. (9), the CH4 adsorption amount under different pressure of 20℃, 40℃,
50℃, 60℃ of two coal samples are calculated by using the Excel function of goal seek. The predicted 
value (a′, b′) of Langmuir parameters are acquired by least square method, and compared with the 
experimental results by relative error (δ). The results are shown in Table 2. For Changcui coal, the 
relative error in saturated adsorption amount a and adsorption constant b prediction is 1.23%-2.94%,
1.09%-3.62%. For Qinan coal, the relative error in saturated adsorption amount a and adsorption constant 
b prediction is 1.68%-3.80%, 2.33%-5.26%.
Table 2. The predicted value of Langmuir parameters and relative error 
Temperature
Changcui coal Qinan coal
a′ (cm3/g) δ (%) b′ (MPa-1) δ (%) a′ (cm3/g) δ (%) b′ (MPa-1) δ (%)
20℃ 34.87 1.39 0.90 1.09 19.84 1.85 1.16 2.33
40℃ 28.55 1.23 1.02 1.33 12.21 1.68 1.44 2.51
50℃ 26.21 1.95 0.75 3.31 10.02 2.25 1.35 3.98
60℃ 22.64 2.94 0.56 3.62 7.68 3.80 1.08 5.26
5. Conclusions
In the research temperature (20℃~60℃) and pressure (＜6MPa) range, the adsorption capability of 
coal/CH4 decreases with the increasing of temperature, the relation between saturated adsorption amount 
a and temperature can be described by an exponential function, the variation of adsorption constant b is
complicated and non-monotonic. In the coal/CH4 adsorption system, the adsorption characteristic curve is 
not related to the experiment temperature, based on the adsorption potential theory, the prediction results 
of adsorption capability of coal is better. This method can be used to predict the gas adsorption amount of 
coal in deep mine under high temperature, and obtain the gas content of coal. It has a good prospect in the 
field of gas resource assessment and gas prevention scheme design in deep mine.
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